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Mosgquito surveillance records from the US Army Public Health Command Region-West (APHCR-W) were
georeferenced and made available online via the database mapping application MosquitoMap (www.mosquitomap.org).
This article briefly reviews the history of the APHCR-W surveillance program and some characteristics of the resulting
dataset, which numbers over 100,000 records mainly from US Department of Defense (DoD) facilities in the western
United States from 1947 to 2009. The value of past and future DoD mosquito surveillance efforts can be increased by
reporting the location of collection data in online spatial databases such as MosquitoMap.

INTRODUCTION

Mosquito surveillance of military installations has
been conducted and reported by the US Army since
the early years of World War II. Baseline mosquito
species collection data, standardized by trap index,
have been reported annually, allowing comparisons
between years and within a single year. For example,
the report for 2006' reported 46 mosquito species in 8
genera, which were collected from 24 installations,
subinstallations, and other facilities within the 20
states comprising what is now the Army Public Health
Command Region-West (APHCR-W) area of
responsibility, including US Army (9), Army Reserve
(2), National Guard (2), US Navy (6) and one from the
National Park system.

Britch et al’> explored relationships between the
Normalized Difference Vegetation Index* and 2003-
2005 APHCR-W mosquito surveillance data, for a
subset of mosquito species and locations, including
Fort Riley, Kansas, Fort Lewis, Washington, and
Yuma Proving Ground, Arizona. They sought to
identify instances of population patterns that suggested
a response to climate, and concluded that the mosquito
surveillance data could be useful for future climate-
based models developed to forecast population
dynamics of medically important mosquitoes.

Mosquito surveillance is seen as important intelligence
to support the planning of effective mosquito control
programs. Mosquito trap data at the APHCR-W dates
from 1947, making this one of the longest running
mosquito surveillance programs in the world, and
providing a unique resource for understanding changes
in mosquito occurrence and abundance in the United
States. These data were available via the APHCR-W
website', but georeferencing, which allows collection
locations to be mapped for spatial analyses, was
lacking. This article discusses a project to georeference
these data and make them available online in a
geographical information systems setting.

SURVEILLANCE PROGRAM HISTORY

The US Army Public Health Command (APHC)
lineage can be traced back over 70 years to the Army
Industrial Hygiene Laboratory (AIHL) which was
established at the beginning of World War Il under the
direct jurisdiction of The Army Surgeon General. It
was originally located at the Johns Hopkins School of
Hygiene and Public Health, with a staff of three and an
annual budget that did not exceed $3,000. Its mission
was to conduct occupational health surveys of Army
operated industrial plants, arsenals, and depots. These
surveys were aimed at identifying and eliminating
occupational health hazards within the Department of

*http://earthobservatory.nasa.gov/Features/ MeasuringVegetation/measuring_vegetation_2.php
thttp://phc.amedd.army.mil/topics/phcrspecific/west/Pages/default.aspx
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Defense’s (DoD) industrial production base and
proved to be beneficial to the nation’s war effort. In
1960, the AIHL became known as the US Army
Environmental Hygiene Agency (AEHA). Its mission
was expanded to support the worldwide preventive
medicine programs of the Army, DoD, and other
federal agencies through consultations, supportive
services, investigations, and training. It was
redesignated the US Army Center for Health
Promotion and Preventive Medicine (CHPPM) in 1995
with the mission to provide worldwide technical
support for implementing preventive medicine and
public health and health promotion/wellness services
into all aspects of America’s Army and the Army
Community, as well as anticipating and rapidly
responding to operational needs and adapting to a
changing world environment. In 2009, CHPPM was
reorganized and became the Army Public Health
Command.

The need for entomologists and pest surveillance,
particularly for the southeastern United States where
malaria was a threat, became apparent with the
establishment of Army training camps during the
mobilization program of World War I} Weekly
collection of mosquitoes from set collecting stations
and reporting the species caught and their abundance
was instituted by most of the Army posts in the 4th
Service Command during this time.” Surveillance and
control efforts in the United States was seen as
necessary training for the job of controlling insects of
medical importance in overseas theaters of operation.’
After the war, the 9th Service Command Medical
Laboratory, located at Fort Baker, California, began
keeping records of mosquitoes captured on military
installations along the US west coast. Colonel Stanley
J. Carpenter, a noted Army Entomologist, cowrote the
landmark book, The Mosquitoes of North America,
while stationed at Fort Baker. This handbook remains
an indispensable guide to mosquito identification, and
his identifications of mosquitoes are still recorded in
the current APHCR-W mosquito database. Colonel
Carpenter was later reassigned to Fort Baker to the
renamed 6th Army Area Medical Laboratory, where he
worked until his retirement in 1960.° In 1974, the
health and environmental resources of the 6th Army
Laboratory were transferred to the Fitzsimons Army
Medical Center, Colorado, and designated as a
subordinate command under AEHA. During the
transition, records of mosquito collections in the
western United States were transferred to the new
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subordinate command. In addition, mosquito surveil-
lance was expanded to include Army installations in
23 western states, including Alaska. In 1999, the
subordinate command moved from Fitzsimons to Fort
Lewis, Washington, and in 2009 was redesignated the
Army Public Health Command Region-West. Mos-
quito surveillance data have been maintained from
1947 until today. This command currently identifies
mosquitoes from all Army installations in 20 western
states. All mosquito collections have been transcribed
from archived record cards and placed into a database.

MATERIALS AND METHODS

The task of georeferencing the APHCR-W data
presented numerous challenges due to base closures
and lack of access to maps that detailed the sites
mentioned in collection data. In early 2010, 294 files
comprising individual base files and yearly files from
1947-1951 through 2009 were obtained (F.A.M.
unpublished data, 2010), which allowed inclusion of
these data on the database mapping application
MosquitoMap*.

Surveillance data from different years were combined
into one Microsoft Excel spreadsheet. In the absence
of maps detailing individual sites, we opted to
summarize their location by defining the centroid of
the base and estimating uncertainty using published
information about the area of the base. The internet
provided particularly useful information, including
general information lists of bases, and links to some
specific base information which sometimes included
map coordinates. For estimating spatial uncertainty,
we used area data that is publicly available on the
internet, and The Base Structure Report® When area
was given in acres, uncertainty in meters was
calculated in Excel using the formula

=SQRT((Acresx4046.85642)/3.1416)

Batch georeferences for street addresses were obtained
using GPS Visualizer', with Google set as the source.
Input data were first edited to remove nonessential
information, and arranged in a standard order to
minimize geocoding errors. Output addresses were
checked against input to identify discrepancies, and
results that had a low precision level (to street or city,
for example) were flagged to be further checked.
Discrepancies were usually resolved through a

*http://www.mosquitomap.org
thttp://www.gpsvisualizer.com/geocoder/

http://www.cs.amedd.army.mil/dasqaDocuments.aspx?type=1
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combination of internet searches for key terms and
orientation with Google Earth*. Use of the historical
imagery, altitude, distance along a path, street view,
and the link to Google Maps in Google Earth, were
found to be particularly useful for resolving
problematic collection sites. When georeferences
could not be resolved to street level, the township
where the collection was made was georeferenced
using Biogeomancer Workbench 1.2.4",

A small minority of records had georeference infor-
mation, either various geodetic formats or military grid
reference system (MGRS). The MGRS grid zone iden-
tifier and 100,000 meter square identifier information
was missing, so approximate location, as determined
in Google Earth, was used to obtain a first
approximation in the program GeoTrans V2.4.1%, then
the northing and easting information entered to obtain
the precise decimal degrees georeference. In most
cases, these coordinates were checked in Google Earth
to see if the location corresponded with any text
information that was recorded for the collection site.
The point radius method portrays uncertainty or error
as a radius around a geocoordinate.”® Uncertainty was
estimated in the Manis Georeferencing Calculator®
from Biogeomancer, or estimated by visual assessment
of the extent in Google Earth, or as the radius of a
circle described by the calculated area.

Data were filtered in Excel for unique locations, and
these point data were converted to shape files for
mapping in DIVA-GIS 5.2**. Further data cleaning
was undertaken by the “check coordinates” option of
DIVA-GIS, a “point-in-polygon” method,” which
identifies points located outside all polygons and
points that did not match relations for the country and
state names. Data were imported into ARCVIEW GIS
3.3 (Eavironmental Systems Research Institute, Inc,
Redlands, CA) for graphical display.

We composited yearly files into one Excel sheet, with
a sequence number added to recreate the original
order. A new column was added with genus, subgenus,
species, and author information taken from the
MosquitoMap collection form, which is based on the
online Systematic Catalog of Culicidae.'® The

* http://www.google.com/earth/index.htm}
thttp://bg.berkeley.edu/latest/
{http//geoengine.nga.mil/geospatial/SW_TOOLS/NIMAMUSE/
webinter/geotrans.htmi
§http://manisnet.org/search.shtmi
**http://www.diva-gis.org/
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mosquito species recorded were checked for current
taxonomic status. The geolocations of records were
checked in DIVA-GIS for agreement with the country
and state of occurrence. The location of each species
was mapped and this checked against known records
for these species. Records with trap catches labeled
“Not operated,” ‘“Negative,” “Misc. Culicidae,”
“Aedini” (n=18,269), and one record labeled
“Ochlerotatus atlanticus/tormentor” were placed in a
separate Excel sheet. Those records that could not be
georeferenced (n=267), and anomalous records, the
distribution of which did not agree with established
knowledge (n=15), were also separated. This left
100,610 georeferenced and quality controlled records.
Data fields were rendered into the MosquitoMap
format, and records were uploaded into MosquitoMap
in November 2010.

SPECIES ACCUMULATION CURVES

The application EstimateS 7.5.1" was used to inves-

tigate under-sampling and spatial aggregation in the
data. EstimateS calculates randomized species accu-
mulation curves (also known as sample-based rarefac-
tion curves) and computes a variety of species richness
indicators. For an idealized complete inventory for an
area, the species accumulation curve will form an
asymptote near the true species richness, and taxa that
are rare will be observed more than once. The ex-
pected richness function in EstimateS is called Sobs
(Mao Tau). A Coleman curve is calculated by ran-
domly reassigning specimens to samples and then
recalculating the species accumulation curve, thus
removing any clumping in the data. The present study
used the EstimateS incidence-based coverage estima-
tor (ICE), which depends on the presence and distri-
bution of rare taxa, to estimate the lower bounds of
species richness and to assess the degree of under-
sampling. The present study used the default values in
EstimateS, that is, 50 randomizations for estimators
and 10 for the upper abundance limit for rare taxa. The
yearly presence (1) or absence (0) of each species was
the input for EstimateS.

ResuLTs

There were 858 unique location points (Figure 1), for
100,610 records, representing 201,905 male and
1,198,281 female specimens. The mean radius of
geographic uncertainty was 7,970.8 m (SD=7542.0),
with a range of 88 m to 80,547 m. Of these, 21% had

tihttp://viceroy.eeb.uconn.edu/estimates
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cast mosquito population changes favorable for mos-
quito-borne diseases. We agree, and would add that
uniform adoption of georeferencing standards for
recording the location of mosquito collections would
add value to these data.
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